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The present invention relates to a process for the industrial synthesis of tetraesters of 5- 
[>is(carboxymethyl)amino]-3-carboxymethyl-4-cyano-2-thiophenecarboxylic acid and to 
the application thereof in the industrial production of bivalent salts of ranelic acid and their 
hydrates. 

More specifically, the present invention relates to a new process for the industrial synthesis 
of compounds of formula (I) : 



wherein R and R', which are the same or different, each represent a linear or branched 
(Ci-C 6 )alkyl group. 

The compounds of formula (I) obtained according to the process of the invention are useful 
in the synthesis of ranelic acid, its strontium, calcium or magnesium salts of formula (II) : 




C0 2 R' 



(I) 




wherein M represents strontium, calcium or magnesium, 



and hydrates of the said salts. 
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The bivalent salts of ranelic acid have very valuable pharmacological and therapeutic 
properties, especially pronounced anti-osteoporotic properties, making these compounds 
useful in the treatment of bone diseases. 

The bivalent salts of ranelic acid, and more especially strontium ranelate, the preparation 
5 thereof and the therapeutic use thereof have been described in the European Patent 
Specification EP 0 415 850. 

In view of the pharmaceutical interest of that compound, it has been important to be able to 
synthesise the intermediate of formula (I) by using an effective industrial synthesis 
process, allowing the compound of formula (I) to be obtained in a good yield and with 
10 excellent purity, but which is also readily transferable to the industrial scale. 

The journal Bull. Soc. Chim. France 1975, pp. 1786-1792, describes obtaining a compound 
of formula (I) (R = R f = ethyl) by reacting 5-amino-3-(carboxymethyl)-4-cyano-2- 
thiophenecarboxylic acid with ethyl bromoacetate, in the presence of potassium carbonate, 
followed by isolation in a highly dilute aqueous-organic medium. 

15 However, the low yield of that reaction (65 %), the large amount of aqueous saline waste 
generated by that reaction and, above all, the very long reaction time (5 days) have 
completely precluded use of that reaction on an industrial scale. 

The Applicant has now developed a simple industrial synthesis process which allows the 
compound of formula (I) to be obtained in a very good yield, with a considerably shorter 
20 reaction time and excellent purity and in which the aqueous saline waste is completely 
avoided. 

More specifically, the present invention relates to a process for the industrial synthesis of 
compounds of formula (I), 

which process is characterised in that a compound of formula (III) : 
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R0 2 C 



R0 2 C 




NH 2 



(HI), 



wherein R represents a linear or branched (Ci-C6)alkyl group, 



is reacted with a compound of formula (IV) : 




OR 



Br 



(IV), 



5 



wherein R represents a linear or branched (Ci-C6)alkyl group, 



in the presence of a catalytic amount of a Cg-Cio-type quaternary ammonium compound, 
and in the presence of potassium carbonate, 
at the reflux of an organic solvent; 
the reaction mixture is subsequently filtered; 
10 the mixture is then concentrated by distillation; 
a co-solvent is then added, 
and the reaction mixture is cooled and filtered 

to yield, after drying of the powder thereby obtained, the compound of formula (I). 

A Cg-Cio-type quaternary ammonium compound is understood to be a compound of 
15 formula (A) or a mixture of compounds of formula (A) : 



wherein R\ represents a (Ci-C6)alkyl group, R 2 , R3 and R4, which are the same or different, 

each represent a (Cg-Cio)alkyl group, and X represents a halogen atom. 

Cg-Cio-type quaternary ammonium compounds to which preference is given are the 



RiR 2 R 3 R4-N + 'X 



(A) 



20 



catalysts Adogen 464® and Aliquat 336®. 
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Surprisingly, only the use of a Cg-Cio-type quaternary ammonium compound allows the 
compound of formula (I) to be obtained both with a greatly reduced reaction time and with 
very good selectivity, in contrast to other types of quaternary ammoniums, as the following 
Table shows : 



Catalyst 


Duration of reaction 


Content of reaction 
mixture 


Tetrabutylammonium hydrogen sulphate 
(TBAHS) 


12 hours 


92% 


N,N-bis(2-hydroxyethyl)-N-methyl 
1 -dodecanaminium bromide 


1 8 hours 


82% 


Adogen 464® 


5 hours 


96% 


Aliquat 336® 


4 hours 


95% 



5 

Furthermore, the somewhat simplified isolation (the precipitation step followed by 
filtration has been replaced by simple filtration of the reaction mixture) allows, by virtue of 
the particular conditions developed, the compound of formula (I) to be obtained not only in 
a very good yield (89 %) but also with excellent purity (greater than 98 %), whilst avoiding 
10 the burden on the environment that the aqueous saline waste represented. 

- The amount of potassium carbonate is preferably from 2 to 3 mol per mol of compound 
of formula (III). 

- The amount of compound of formula (IV) is preferably from 2 to 3 mol per mol of 
compound of formula (III). 

15 - The initial volume of organic solvent is preferably from 6 to 12 ml per gram of 
compound of formula (HI). 
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- Organic solvents that are preferred for the reaction are acetone and acetonitrile. 

- A co-solvent that is preferred for isolation is methanol. 

Methyl 5-[>is(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-rnethoxy-2-oxoethyl)-2- 
thiophenecarboxylate and methyl 5-[bis(2-ethoxy-2-oxoethyl)amino]-4-cyano-3-(2- 
5 methoxy-2-oxoethyl)-2-thiophenecarboxylate, particular and preferred cases of the 
compounds of formula (I), are new compounds which are useful as synthesis intermediates 
in the chemical or pharmaceutical industry, especially in the synthesis of strontium ranelate 
and accordingly form an integral part of the present invention. 

The Examples hereinbelow illustrate the invention but do not limit it in any way. 

10 EXAMPLE 1 : Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2'methoxy-2- 

oxoethyl)-2-thiophenecarboxylate 

Introduce into a reactor 400 kg of 5-amino-3-(carboxymethyl)-4-cyano-2-thiophene- 
carboxylic acid, 478 kg of potassium carbonate, 2810 litres of acetone, 16 kg of Adogen 
464® and 529.6 kg of methyl bromoacetate. 

15 Bring the temperature to 60°C. After refluxing for 5 hours, cool the reaction mixture and 
then filter it. Concentrate the filtrate obtained. 

Add methanol; cool and filter the suspension obtained, and then dry the powder. 



20 



Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2- 
thiophenecarboxylate is thereby obtained in a yield greater than 85 % and with a chemical 
purity greater than 98 %. 
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EXAMPLE 2 : Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2- 
oxoethyl)-2-thiophenecarboxylate 

Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2- 
thiophenecarboxylate is obtained in the same manner as Example 1 , but replacing Adogen 
464® by Aliquat 336®. 

EXAMPLE 3 : Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2- 
oxoethyl)-2-thiophenecarboxylate 

Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2- 
thiophenecarboxylate is obtained in the same manner as Example 1, but replacing the 
acetone by acetonitrile. 

EXAMPLE 4 : Methyl 5-[bis(2-ethoxy-2^xoethyl)amino]-4-cyano~3-(2-methoxy-2- 
oxoethyl)-2-thiophenecarboxylate 

Methyl 5-[bis(2-ethoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2- 
thiophenecarboxylate is obtained in the same manner as Example 1, but replacing the 
529.6 kg of methyl bromoacetate by 578.1 kg of ethyl bromoacetate. 
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CLAIMS 



1. Process for the industrial synthesis of compounds of formula (I) : 



R0 2 C 



CN 




N /^C0 2 R' 



(I), 



C0 2 R 



wherein R and R, which are the same or different, each represent a linear or branched 
(Ci-C 6 )alkyl group, 

characterised in that a compound of formula (III) : 



R0 2 C 




(HI), 



wherein R is as defined hereinbefore, 



is reacted with a compound of formula (IV) 



10 



Br 




OR 



(IV), 



wherein R' is as defined hereinbefore, 
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in the presence of a catalytic amount of a Cg-Cio-type quaternary ammonium 
compound, 

and in the presence of potassium carbonate, 
at the reflux of an organic solvent; 
5 the reaction mixture is subsequently filtered; 

the mixture is then concentrated by distillation; 

a co-solvent is then added, 

and the reaction mixture is cooled and filtered 

to yield, after drying of the powder thereby obtained, the compound of formula (I), 



10 it being understood that a Cg-Cio-type quaternary ammonium compound is a 

compound of formula (A) or a mixture of compounds of formula (A) : 



R!R 2 R3R4-N + -X (A) 



wherein Ri represents a (Ci-C6)alkyl group, R 2 , R3 and R4, which are the same or 
different, each represent a (Cg-Cio)alkyl group, and X represents a halogen atom. 



15 2. Synthesis process according to claim 1 allowing the compound of formula (I), wherein 
R represents a methyl group and R represents an ethyl group, to be obtained. 

3. Synthesis process according to claim 1 allowing the compound of formula (I), wherein 
R and R each represent a methyl group, to be obtained. 

4. Process according to any one of claims 1 to 3, characterised in that the Cg-Cio-type 
20 quaternary ammonium compound is Adogen 464® or Aliquat 336®. 



5. 



Synthesis process according to any one of claims 1 to 4, characterised in that the 
amount of potassium carbonate is from 2 to 3 mol per mol of compound of 
formula (III). 
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6. Synthesis process according to any one of claims 1 to 5, characterised in that the 
amount of compound of formula (IV) is from 2 to 3 mol per mol of compound of 
formula (III). 

7. Synthesis process according to any one of claims 1 to 6, characterised in that the initial 
volume of organic solvent is from 6 to 12 ml per gram of compound of formula (III). 

8. Synthesis process according to any one of claims 1 to 7, characterised in that the 
organic solvent used for the reaction is acetone or acetonitrile. 

9. Synthesis process according to any one of claims 1 to 8, characterised in that the co- 
solvent used during isolation is methanol. 

10. Synthesis process according to any one of claims 1 to 9, characterised in that the 
compound of formula (I) obtained has a chemical purity greater than 98 %. 

11. Methyl 5-[bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2- 
thiophenecarboxy late . 

12. Methyl 5-[bis(2-ethoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2- 
thiophenecarboxylate. 

13. Process for the synthesis of ranelic acid, its strontium, calcium or magnesium salts and 
hydrates of the said salts, starting from a compound of formula (I) : 
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wherein R and R', which are the same or different, each represent a linear or branched 
(Ci-C 6 )alkyl group, 

characterised in that the compound of formula (I) is obtained by the synthesis process 
according to any one of claims 1 to 10. 

5 14. Process for the synthesis of strontium ranelate and its hydrates, starting from a 
compound of formula (I) : 



R0 2 C 

^C0 2 R 



wherein R and R', which are the same or different, each represent a linear or branched 
(Ci-C 6 )alkyl group, 




10 



characterised in that the compound of formula (I) is obtained by the synthesis process 
according to any one of claims 1 to 10. 
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La presente invention concerne un precede de synthese industriel des tetraesters de l'acide 
5-[bis(carboxymethyl)amin^ et leur 

application a la production industrielle des sels.bivalents de l'acide ranelique et de leurs 
hydrates. 

Plus specifiquemient, la presente invention concerne un nouveau precede de synthese 
industriel des derives de formule (I) : 



dans laquelle R et R', identiques ou differents, representent chacun un groupement alkyle 
(d-Ce) lineaire ou rami fie. >. 




C0 2 R f 



Les composes de formule (I) obtenus selon le precede de Tinvention sont utiles dans la 
synthese de l'acide ranelique, de ses sels de strontium, de calcium ou de magnesium de 
formule (II) : 




CN 



(II) 



co 2 



dans laquelle M represente le strontium, le calcium ou le magnesium, 



et des hydrates desdits sels. 
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, 2 . 

Les sels bivalents de Tacide ranelique possedent des proprietes pharmacologiques et 
therapeutiques tres interessantes, notamment des proprietes anti-osteoporotiques 
remarquables, qui rendfent ces composes utiles dans le traitement des maladies osseuses. 

Les sels bivalents de Tacide ranelique, et plus particulierement le ranelate de strontium, sa 
^1. ^u4.i.c4. t i.^jA ^ ouu wnjiioctti^ii vii La\>iapcuu4uc um etc ucunts uciiis ie Drevei europeen tLf 
0415 850. 

Compte tenu de l'interet pharmaceutique de ce compose, il etait important de pouvoir 
acceder a l'intermediaire de formule (I) avec un procede de synthese industriel performant, 
permettant l'obtention du compose de formule (I) avec un bon rendement et une excellente 
purete, mais egalement facilement transposable a Techelle industrielle. 

Le journal Bull. Soc. Chim. France 1975, pp. 1786-1792, decrit l'obtention d'un derive de 
formule (I) (R - R' = ethyle) par reaction de l'acide 5-amino-3~(carboxymethyl)-4-cyano-2- 
thiophenecarboxylique avec le bromoacetate d'ethyle, en presence de carbonate de 
potassium, suivie d'un isolement en milieu hydro-organique tres dilue, 

Cependant, le faible rendement de cette reaction (65 %), la grande quantite de rejets 
aqueux salins generee par cette reaction, et surtout le temps de reaction tres important (5 
jours), etaient totalement dissuasifs quant a rutilisation de cette reaction a l'echelle 
industrielle. 

La Demanderesse a presentement mis au point un procede de synthese industriel simple, 
permettant d'obtenir le compose de formule (I) avec un tres bon rendement, un temps de 
reaction considerablement plus court et une purete excellente, et dans lequel les rejets 
aqueux salins sont completement supprimes. 

Plus specifiquement, la presente invention concerne un procede de synthese industriel des 
composes de formule (I), 

caracterise en ce que Ton met en reaction un compose de formule (III) : 
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dans laquelle R represente un groupement alkyle (C\~Cc) lineaire ou ramifie, 
avec un compose de formule (IV) : 




O 



dans laquelle R f represente un groupement alkyle (Ci-Ce) lineaire ou ramifie, 

en presence d r une quantite catalytique d'un ammonium quaternaire de type Cg-Cio, 

et de carbonate de potassium, 

au reflux d'un solvant organique, 

que Ton filtre ensuite le melange reactionnel, 

puis que l ! on concentre le milieu par distillation, 

que Ton ajoute ensuite un cosolvant, 

refroidit et filtre le melange reactionnel, 

pour conduire, apres sechage de la poudre ainsi obtenue, au compose de formule (I). 

Par ammonium quaternaire de type Cg-Cio, on entend un compose de formule (A) ou un 
melange de composes de formule (A) : 

R 1 R 2 R 3 R4-N + "X (A) 

dans laquelle Ri represente un groupement alkyle (C\-C6\ R 2? R3 et R4, identiques ou 
differents, represented chacun un groupement alkyle (C 8 -Cio), et X represente un atome 
d'halogene. 
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Les ammoniums quaternaires de type C 8 ~Ci 0 preferes sont les catalyseurs Adogen 464® et 
Aliquat 336®. 

De fa?on surprenante, seule Putilisation d'un ammonium quaternaire de type C 8 -Ci 0 permet 
I'obtention du compose de formule (I) a la fois avec un temps de reaction tres reduit et avec 
une tres bonne selectivity a ia difference d'autres types d'ammoniums quaternaires, comme 
le montre le tableau suivant : 



Catalyseur 


Duree de reaction 


Titre du milieu 
reactionnel 


Tetrabutylammoniumhydrogenosulfate 
(TBAHS) 


12 h 


92% 


Bromure de N,N-bis(2-hydroxyethyl)-N- 
methyl 1 -dodecanaminium 


18h 


82% 


Adogen 464® 


5h 


96% 


Aliquat 336® 


4h 


95 % 



De plus, l'isolement, pourtant simplifie (l'etape de precipitation suivie d'une filtration a ete 
remplacee par une simple filtration du melange reactionnel) permet, grace aux conditions 
particulieres qui ont ete mises au point, d'obtenir le compose de formule (I), non seulement 
avec un tres bon rendement (89 %), mais egalement avec une purete excellente (superieure 
a 98 %), et en supprimant la charge environementale que representaient les rejets aqueux 
salins. 

- La quantite de carbonate de potassium est preferentiellement comprise entre 2 et 3 
moles par mole de compose de formule (III). 

- La quantite de compose de formule (IV) est preferentiellement comprise entre 2 et 3 
moles par mole de compose de formule (III). 
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- Le volume initial de solvant organique est preferentiellement compris entre 6 et 12 ml 
par gramme de compose de formule (III). 

- Les solvants organiques preferes pour la reaction sont Tacetone et l'acetonitrile. 

- Le cosolvant prefere pour 1'isolement est le methanol. 
Le 5-[bis(2-methoxy-2-oxoethyl)am 

carboxylate de methyle et le 5-[bis(2-ethoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2- 
oxoethyl)-2-thiophenecarboxylate de methyle, cas particuliers et preferes des composes de 
formule (I), sont des produits nouveaux, utiles comme intermediaries de synthese dans 
Tindustrie chimique ou pharmaceutique, notamment dans la synthese du ranelate* de 
strontium, et font a ce titre partie integrante de la presente invention. 

Les exemples ci-dessous illustrent Tinvention, mais ne la limitent en aucune fa£on. 

EXEMPLE 1 : 5-[Bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-meth^ 

2-thiophenecarboxylate de methyle. ; 

Dans un reacteur, charger 400 kg d'acide 5-amino-3-(carboxymethyl)-4-cyano-2- 
thiophenecarboxylique, 478 kg de carbonate de potassium, 2810 1 d'acetone, 16 kg 
d'Adogen 464® et 529,6 kg de bromoacetate de methyle. 

Amener la temperature a 60°C. Apres 5 h de reflux, refroidir le melange reactionnel, puis 
le filtrer. Concentrer le filtrat obtenu. 

Ajouter du methanol, refroidir et filtrer la suspension obtenue, puis secher la poudre. 

Le 5-[bis(2-methoxy-2~oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-thiophene- 
carboxylate de methyle est ainsi obtenu avec un rendement superieur a 85 % et une purete 
chimique superieure a 98 %. 
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EXEMPLE 2 : 5-[Bis(2-methoxy-2-oxoethyl)amino]-4-cyano 
2~thiophenecarboxylate de methyle. 

Le 5-[bis(2-m&hoxy-2-oxoet^ 

carboxylate de methyle est obtenu de la meme fa?on que dans Texeraple 1, en rempla^ant 
l'Adogen 464® par i'Aliquat 336®. 

EXEMPLE 3 : 5-[Bis(2-methoxy-2-oxoethyl)amino]-4-cyan^^^ 
2-thiophenecarboxylate de methyle. 

Le 5-[bis(2-methoxy-2-oxoethy^ 

carboxylate de methyle est obtenu de la meme fa9on que dans l'exemple 1, en remplasant 
l'acetone par Tacetonitrile. 

EXEMPLE 4 : 5-[Bis(2-ethoxy-2-oxoethyl)amino]-4-cyano-3-(2-m^ 
thiophenecarboxylate de methyle. 

Le 5-|>is(2-ethoxy-2-oxoethyl)amino]-4-cy^ 

carboxylate de methyle est obtenu de la meme fa<?on que dans Pexemple 1, en rempla9ant 
les 529,6 kg de bromoacetate de methyle par 578,1 kg de bromoacetate d'ethyle. 
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REVINDICATIONS 



1. Procede de synthese industriel des composes de formule (I) 



R0 2 C 




CN 




^C0 2 R' 



dans laquelle R et R', identiques ou differents, representent chacun un groupement 
alkyle (C1-C6) lineaire on ramifie, 

caracterise en ce que Ton met en reaction un compose de formule (III) : 



CN 




(in) 



dans laquelle R est tel que defini precedemment, 
avec un compose de formule (IV) 

.OR 

o 

dans laquelle R' est tel que defini precedemment, 



(IV) 



6 
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en presence d'une quantite catalytique d'un ammonium quaternaire de type C 8 -C 10 , 

et de carbonate de potassium, 

au reflux d'un solvant organique, 

que Ton filtre ensuite le melange reactionnel, 

puis que Ton concentre le milieu par distillation, 

que Ton ajoute ensuite un cosolvant, 

refroidit et filtre le melange reactionnel, 

pour conduire, apres sechage de la poudre ainsi obtenue, au compose de formule (I). 

etant entendu que par ammonium quaternaire de type Cg-Cw, on entend un compose de 
formule (A) ou un melange de composes de formule (A) : 

R,R 2 R 3 R4-N + -X (A) 

dans laquelle R { represente un groupement alkyle (C r C 6 ), R 2 , R 3 et R4, identiques ou 
differents, representent chacun un groupement alkyle (C 8 -Ci 0 ), et X represente un 
atome d'halogene. 

Procede de synthese selon la revendication 1, permettant 1'obtention du derive de 
formule (I) dans laquelle R represente le groupement methyle, et R' represente le 
groupement ethyle. 

Procede de synthese selon la revendication 1, permettant l'obtention du derive de 
formule (I) dans laquelle R et R' representent chacun le groupement methyle. 

Procede selon l'une quelconque des revendications 1 a 3 5 caracterise en ce que 
rammonium quaternaire de type C 8 -Ci 0 est l'Adogen 464® ou 1'Aliquat 336®. 

Procede de synthese selon Tune quelconque des revendications 1 a 4, caracterise en ce 
que la quantite de carbonate de potassium est comprise entre 2 et 3 moles par mole de 
compose de formule (III). 
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6- Procede de syn these selon Tune quelconque des revendications 1 a 5^ caracterise en ce 
que la quantite de compose de formule (IV) est comprise entre 2 et 3 moles par mole 
de compose de formule (III). 

7. Procede de synthese selon Tune quelconque des revendications 1 a 6, caracterise en ce 
que le volume initial de solvant organique est compris entre 6 et 12 ml par gramme de 
compose de formule (III). 

8. Procede de synthese selon Tune quelconque des revendications 1 a 7, caracterise en ce 
que le solvant organique utilise pour la reaction est l'acetone ou l'acetonitrile. 

9* Procede de synthese selon Tune quelconque des revendications 1 a 8, caracterise en ce 
que le cosolvant utilise lors de Tisolement est le methanol. 

10. Procede de synthese selon Tune quelconque des revendications 1 a 9, caracterise en ce 
que le compose de formule (I) obtenu a une purete chimique superieure a 98 %. 

11. 5-[Bis(2-methoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2- 
thiophenecarboxylate de methyle. 

12. 5-[Bis(2-ethoxy-2-oxoethyl)amino]-4-cyano-3-(2-methoxy-2-oxoethyl)-2-- 
thiophenecarboxylate de methyle. 

13. Procede de synthese de Tacide ranelique, de ses sels de strontium, de calcium ou de 
magnesium et des hydrates desdits sels, a partir d'un compose de formule (I) : 




CN 



C0 2 R' 
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Tr R " *' ide "' i,UeS ° U dlfKren ' S ' repr&entmt ch ~™ » ~- -M. 

(^r^6) Imeaire ou rami fie, 

carac.ense en ce que le compose de fonnule (I) es, ob.enu par le precede de synthese se,on 
1 une quelconnue des revendications 1 a 10. 

14. Precede de s^these de rane.ate de strontium e. de ses hydrates a partir d'un compose 
de formule (I) : 



R0 2 C \ ,CN 




(I) 



C0 2 R' 



TrTT R et R,> iden,iques ou diff4ren,s ' reprtsentew cha °- - «™~ 

Imeaire ou ramifie, 

caractense e„ ce q ue ,e compose de fornune (I) est obtenu par le procede de symhese scion 
i une quelconque des revendications 1 a 10. 
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